Abstract. Double-loop and 2-circulant networks are widely used in the design and implementation of local area networks and parallel processing architectures. In this paper, we investigate the routing of a message on circulant networks, that is a key to the performance of this network. We would like to transmit 2k packets from a source node to a destination node simultaneously along paths on G(n; ±s1,±s2,...,±s k ), where the i th packet will traverse along the i th path (1 ≤ i ≤ 2k). In oder for all packets to arrive at the destination node quickly and securely, the i th path must be node-disjoint from all other paths. For construction of these paths, employing the Hamiltonian Circuit Latin Square(HCLS) we present O(n 2 ) parallel routing algorithm on circulant networks.
Introduction
The intense interest in interconnection network used graph-theoretic properties for its investigations and produced various interconnection schemes. Many of these schemes have been derived to optimize important parameters such as degree, diameter, fault-tolerance, hardware cost, and the needs of particular applications. Double-loop [1] and 2-circulant networks(2-CN) [2] are widely used in the design and implementation of local area networks and parallel processing architectures. These networks are defined as follows. Let n, s 1 , s 2 be positive integers such that 0<s 1 <s 2 <n/2. A double-loop network is a directed graph G(n; s 1 , s 2 ), where n nodes labeled with integers modulo n, and 2 links per vertex such that each node i is adjacent to the 2 other nodes i+s 1 , i+s 2 . In the undirected case, which is known as a 2-circulant network and is denoted by G(n; ±s 1 ,±s 2 ). It is well known that G(n; s 1 , s 2 ) and G(n; ±s 1 ,±s 2 ) are connected iff gcd(n, s 1 , s 2 ) =1. The routing of message is thus a key to the performance of such networks. There are routing algorithms using well-known methods, such as the Shortest Path Algorithm(the Forward Algorithm) [3] , the Backward Algorithm [4] , the Spanning Tree Algorithm [8] . These algorithms provide for only sequential transmission, from the source node to the desired node in a short time. We now look for algorithms that are capable of handling, multiple data items simultaneously transmitted from the staring(source) node to the destination node. There are a few algorithms on the n-dimensional hypercube network [5] - [6] that allow us to locate n disjoint paths such as the Disjoint Path Algorithm [7] and the Hamiltonian path Algorithm [8] . In this paper, we propose the algebraic approach to the routing of message on the G(n; ±s 1 ,±s 2 ,...,±s k ). As described above, 2k packets are simultaneously transmitted from the starting(source) node to the destination node. In order for all packets to arrive at the destination node quickly and securely, the i th path must be node-disjoint from all other paths.
Design of the Hamiltonian Circuit Latin Square to the Parallel Routing Algorithm on Circulant Networks
Let A and B be any two nodes on G(n; ±s 1 ,±s 2 ,...,±s k ). The paper's objective is to find algorithms that will facilitate the transmission of data from node A to B in that network. In order for the data to traverse from node A to node B, it must cross, successively, intermediate nodes along a path.
Definition 1 : The routing function R for ±s i is as follows: Definition 3 : Let T(A,S) be the logical transmission path of data starting from node A to the destination node B, where S is a multiset and a sequence of operations, via which data can reach at the destination node. T(A,S) is determined by the order of the elements in the set S. between A and B.
The i th packet is transmitted along the i th path, the first intermediate node of which is obtained from applying the i th operation at a starting node and the last intermediate node transmits the packet to a destination node by applying the i th operation. In some cases, the two operations can be the same.
Definition 4 :
Let O s be a set of operations occurring at a starting node when four packets are transmitted simultaneously and Let O d be a set of operations occurring at a destination node when four packets arrive. These sets are defined as follows:
We now apply the HCLS(Hamiltonian Circuit Latin Square) to find a set of m shortest and node-disjoint paths. 
We now propose a parallel routing algorithm that generates a set of m minimum-distance and node-disjoint paths for the network. 
(4) Construct two node-disjoint paths, each path has length |S|+2.
s , then these operations are performed at the first and the last steps of two paths newly designed, and operations in S at the middle steps of them, otherwise go to (5) . 
(5-3) Operation g i is performed at the first and the last steps at traversal and operations of S 2 are executed at the middle steps.
end.
Conclusion
In this paper, we present the algorithm that generates a set of 2k shortest and node-disjoint paths on G(n; ±s 1 ,±s 2 , ...,±s k ), employing the Hamiltonian Circuit Latin Square(HCLS). Even n and k are fixed values, the algorithm can be easily extended on arbitrary circulant networks. Important steps for determining time complexity requisite for the algorithm are two things. One is to design the HCLS, which needs O(n). The other is to execute
Step (5) of CN − Routing − Algorithm, which requires O(n 2 ). Therefore, we can create O(n 2 ) parallel routing algorithm for constructing 2k shortest and node-disjoint paths.
